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ABSTRACT

INTRODUCTION

Background: Discoid menisci (DM) are oval or discshaped menisci, differing from the normal crescent
shaped meniscus. This difference in shape may be
one factor as to why DM are more prone to injury
when compared to normal menisci. The purpose of
this study was to evaluate potential risk factors that
may lead to the development of symptoms, requiring
arthroscopic saucerization in adolescents with a history
of symptomatic DM in the contralateral extremity.
Methods: We retrospectively reviewed 126 patients
with an arthroscopic diagnosis of DM to evaluate for
the presence of a symptomatic contralateral DM variant.
Mildly symptomatic DM status was identified by patient
need for operative intervention, including a pain or
popping sensation of the knee. We performed statistical
analysis to identify potential risk factors predisposing
patients to the development of symptomatic DM in the
contralateral extremity, ultimately requiring operative
intervention.
Results: Of the 126 patients identified with lateral DM,
21 patients had a subsequent symptomatic contralateral
DM that required operative intervention, while the
remaining 105 patients may have had an asymptomatic
DM variant of the contralateral knee. Patients who
actively participated in sports, particularly basketball,
and patients less than 10.8 years old were at higher risk
for developing symptomatic contralateral DM requiring
operative intervention.
Conclusions: Younger patients participating in
athletics presenting with symptomatic lateral DM are
at increased risk of developing symptoms requiring
operative intervention in the contralateral knee.

Discoid meniscus (DM) is a common congenital
anatomic variation found in children and was first
described by Young et al1 in 1889. In the literature, the
reported incidence of DM varies from 0.4% to 17.0%,
but it ultimately depends on the specific population
being studied and discoid laterality involvement.2 Smillie
et al3 performed the largest study of DM incidence of
nearly 10,000 meniscectomy patients and reported
an incidence of 4.7%. Several smaller studies have
supported the findings of Smillie et al, reporting values
between 3.5% to 5.0%.4-6 However, incidences are likely
underreported owing to most discoid variants having
no symptoms. Resultantly, the reported value for the
incidence of DM can be more reliably interpreted using
the incidence of symptomatic discoid variants.
Similar dilemmas arise when determining bilateral
DM incidence, with a reported incidence rate of
approximately 20.0%.7-9 Previous studies mainly include
surgical patients and do not reflect the true incidence
of bilateral DM. Recent publications have suggested
that bilateral discoid variants are more common than
previously reported. Connolly et al10 reported bilateral
DM in 9 of 10 patients who underwent bilateral imaging,
substantiated by 11 out of 33 (33.0%) cases of lateral
DM with tears.10 In a Japanese cadaveric study, menisci
of the same shape were found in the bilateral knees of
253 of 279 (91.0%) cadavers.11 Therefore, identifying
unilateral, symptomatic DM increases the incidence
of asymptomatic DM in the contralateral knee. Ahn et
al9 and Bae et al11 reported that magnetic resonance
imaging and arthroscopic evaluation reveals bilateral
DM rates as high as 79.0% to 97.0% in patients
presenting with unilateral, symptomatic lateral DM.
In this study, we aimed to identify any risk factors
that may predispose patients who underwent operative
intervention for a symptomatic DM to symptomatic
progression of DM of the contralateral knee.
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METHODS
Data Gathered
After obtaining exemption status from our
Institutional Review Board, we reviewed medical
records, radiographic studies, operative reports, and
arthroscopic images of 126 patients. All patients were
treated arthroscopically for symptomatic DM of the
initial knee at presentation by a single surgeon between
2006 and 2017. Data collected included sex, age at the
time of surgery, participation in sports, sport type, the
need for operative intervention for the contralateral
knee, and follow-up length. DM morphology was
recorded, including if a meniscal tear was present
and whether the lesion was complete, incomplete, or
Wrisberg type.
Procedures
DM morphology and stability of the ipsilateral knee
were determined during operative intervention
under direct visualization and probing. Arthroscopic
saucerization of the ipsilateral knee was performed with
standard arthroscopic shavers and biters to restore
the normal shape of the meniscus. In the presence
of meniscal tears, a meniscectomy was performed
until the meniscus was deemed to be stable based on
arthroscopic probing. Repairs were performed when
standard meniscal repair indications were met.
Statistical Methods
We calculated descriptive statistics, including
frequencies, means, and standard deviations for the
total population and subgroups using Excel (Microsoft;
Redmond, WA). Comparison groups were unilateral DM
injury and bilateral DM injury. Univariate comparison
between groups was performed using student t-tests
and Fisher’s exact tests when appropriate. Multivariate
logistic regression was performed for independent
variables, which predicted the binary outcome of
unilateral or bilateral DM injury using SAS 9.4 (SAS;
Cary, NC). An efficient multivariate model was selected
based on forward selection methods while controlling
for demographic variables. Significance level was set at
P < 0.05 with no adjustment for multiple testing.

RESULTS
We reviewed a total of 126 cases of patients with
symptomatic DM undergoing arthroscopic debridement
or saucerization. Demographic data for the entire
population is presented in Table 1. Mean age was 12.6
years (standard deviation = 3.39). Approximately
125 (99.2%) of the study population underwent
saucerization at the time of debridement or received
both debridement and repair.
Risk Factor Rates
Among the population, 21 patients (16.7%) subsequently
presented for contralateral knee pain and were
eventually diagnosed with a contralateral, symptomatic
DM (bilateral grouping). Comparison of population
differences between patients with unilateral or bilateral
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Table 1. Population Demographic and Independent
Variable Data
Variable
Age, mean (SD)

n (%), n = 126
a

12.6 (3.39)

Sex
Male

50 (39.7%)

Female

76 (60.3%)

Discoid Type
Unknown

3 (2.4%)

I

55 (43.7%)

II

56 (44.4%)

III

12 (9.5%)

Torn Discoid

69 (54.8%)

Saucerization

125 (99.2%)

Repair needed

57 (45.2%)

Re-operation

80 (63.5%)

Associated LFC OCD

4 (3.2%)

Sport Participation
Basketball

17 (13.5%)

Soccer

28 (22.2%)

Football

16 (12.7%)

Gymnastics/Cheer/Dance

16 (12.7%)

Other

14 (11.1%)

No Sport

35 (27.8%)

Bilateral Discoid

21 (16.7%)

SD, Standard Deviation; LFC OCD, lateral femoral condyle
osteochondritis dissecans
a
Values for age reported as mean and standard deviation. All other
values are reported as frequencies with percentages in parentheses.

injury can be seen in Table 2. Upon initial presentation,
patients with bilateral discoid injury were on average
younger than those presenting with only single-sided
symptoms (10.8 years vs 12.9 years, respectively,
P = 0.008). Additionally, there was a higher frequency
of overall sports participation for those with bilateral
involvement (Table 3, P = 0.001). All patients with
bilateral involvement participated in sports; however,
when compared by specific sport, bilateral cases were
only found to be significantly associated with basketball
participation (Table 3, P = 0.038). No differences were
found between populations regarding sex, type of
discoid, presence of a discoid tear or lateral femoral
condyle osteochondritis dissecans lesion, or operative
procedures performed.
Univariate logistic regression was performed on all
independent variables predicting the binary outcomes
of unilateral versus bilateral involvement (Table 4).
Sport (as a binary variable) and saucerization were
excluded from the analysis because they had a 100.0%
frequency and correlation among bilateral cases, which
prevented the logistic regression from convergence

Table 2. Comparison of Unilateral and Bilateral Discoid
Meniscus
Variable

Unilateral
n (%)
n = 105

Bilateral
n (%)
n = 21

P-Valuea

Age, mean (SD)b

12.9 (3.4)

10.8 (2.8)

0.008

0.331

Sex
Male

44 (41.9)

6 (28.6)

Female

61 (58.1)

15 (71.4)

Discoid Type
0.345

Variable

OR

Lower
95.0%

Upper
95.0%

R-Square

P-Valuea

Age

0.83

0.72

0.96

0.088

0.011

Gender
Torn
Discoid

1.73

0.62

4.83

0.016

0.292

1.82

0.68

4.87

0.020

0.234

Repair
Reoperation

0.89

0.35

2.29

0.001

0.810

0.73

0.28

1.88

0.006

0.508

LFC OCD

5.42

0.72

40.88

0.033

0.101

Unknown

3 (2.9)

0 (0)

I

49 (46.7)

6 (28.6)

II

43 (41.0)

13 (61.9)

Basketball

3.42

1.10

10.63

0.054

0.034

III

10 (9.5)

2 (9.5)

Soccer

0.79

0.24

2.59

0.002

0.702

Sport Type

Torn Discoid

55 (52.4)

14 (66.7)

0.337

Football

1.18

0.31

4.56

0.001

0.811

Saucerization

104 (99.0)

21 (100)

1.000

Gymnastics

2.67

0.82

8.71

0.032

0.104

Repair needed

48 (45.7)

9 (42.9)

1.000

Other

1.29

0.33

5.04

0.002

0.713

Re-operation

68 (64.8)

12 (57.1)

0.621

Associated LFC OCD

2 (1.9)

2 (9.5)

0.129

0.002

Sport Participation
Basketball

11 (10.5)

6 (28.6)

Soccer

24 (22.9)

4 (19.0)

Football

13 (12.4)

3 (14.3)

Gymnastics/Cheer/Dance

11 (10.5)

5 (23.8)

Other

11 (10.5)

No Sport

35 (33.3)

OR, odd ratios; LFC OCD, lateral femoral condyle osteochondritis
dissecans
a
Bolded values statistically significant, P<0.05

Table 5. Efficient Multivariate Logistic Model
Predicting Bilateral Discoid Meniscus Injury
Variable

OR

3 (14.3)

Age

0 (0)

Gender
Basketball

SD, standard deviation; LFC OCD, lateral femoral condyle
osteochondritis dissecans
a
Significant values (P<0.05) bolded. Fisher’s exact test was used for
comparison of categorical variables.
b
Student’s t-test was used for comparison of means
Watanabe Classification was used for discoid type
The majority of patients had unilateral meniscal involvement, with
type Watanabe Type I variants comprising the majority of repairs

Table 3. Comparison of Sport Type by Discoid
Laterality
Sport

Unilateral
n (%)
n = 105

Bilateral
n (%)
n = 21

P-valuea

Basketball

11 (10.5)

6 (28.6)

0.038

Soccer

24 (22.9)

4 (19.0)

1.000

Football

13 (12.4)

3 (14.3)

0.730

Gymnastics/Cheer/Dance

11 (10.5)

5 (23.8)

0.143

Other

11 (10.5)

3 (14.3)

0.703

Any Sport

70 (66.7)

21 (100)

0.001

Significant values (P<0.05) bolded. Fisher’s exact test was used for
comparison of categorical variables
a

Table 4. Univariate Logistic Models predicting Bilateral
Discoid Meniscus Injury

Lower 95.0%

Upper 95.0%

P-valuea

0.83

0.72

0.96

0.012

1.41

0.48

4.19

0.532

3.36

1.01

11.19

0.048

OR, odds ratios
a
Bolded values statistically significant, P<0.05. Gender included for
control purposes. R-square value for the entire model is 0.145.

and produced unrealistic odds ratios (ORs). As such, we
have included each sport as a separate binary variable.
Only two independent variables significantly predicted
cases with bilateral involvement, age, and basketball
participation. Age was treated as a continuous variable.
For each 1-year increase in age at initial presentation
of the ipsilateral knee, there was approximately a
17.0% decrease in the odds of having a contralateral or
bilateral discoid injury (OR = 0.83, 95.0% confidence
interval (CI) 0.72-0.96, P = 0.011). Patients that
participated in basketball were 3.4 times more likely to
have a bilateral discoid injury (OR = 3.42, 95.0% CI 1.1010.63, P = 0.034).
A multivariate logistic model was created by
forward selection means. For control purposes,
predictive variables included in the final model were age
(P = 0.012), basketball participation (P = 0.048), and
gender (P = 0.53)(Table 5). ORs among the variables
were similar to their univariate counterparts. The final
model presented in Table 5 yielded an adjusted r2 = 0.15.
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Figure 1. Illustration of the Watanabe classification.16
A) Type 1: Complete, disc-shaped meniscus completely
covering the lateral tibial plateau with normal posterior
attachment. B) Type 2: Incomplete, semilunar shape
with normal posterior attachment covering less than
80.0% of the lateral tibial plateau. C) Type 3: Wrisberg
type resembling a normal meniscal shape but lacking
posterior meniscal attachments (coronary ligament).
The Wrisberg ligament connects the posterior horn of
the lateral meniscus.

DISCUSSION
The current recommendation for treatment of
symptomatic DM is conservative management, including
rest, physical therapy, nonsteroidal anti-inflammatory
drugs, activity modification, and observation for
possible transition of asymptomatic into symptomatic
DM in the contralateral knee. Operative intervention
with arthroscopic saucerization is only considered
in cases of persistently symptomatic menisci or the
presence of a meniscal tear. Classic symptoms of DM
include pain, popping, snapping, and decreased knee
extension.7,12 Historically, treatment for DM was a total
meniscectomy.7,8 More recently, there have been vast
improvements in arthroscopic surgical techniques, and
the importance of meniscus preservation has become
evident, resulting in meniscus-sparing procedures
becoming the gold standard. Complete meniscectomies
are avoided because of the high rate of osteoarthritic
changes seen at long-term follow-up.11,13-15 These changes
are due to the impaired ability of the meniscus to
transmit loads and stabilize the knee joint.
Of the multiple classification systems of lateral DM
proposed, the Watanabe system (Figure 1)16 is the most
common and widely used.6 Watanabe described three
major DM variants: 1) complete, disc-shaped meniscus
covering the tibial plateau; 2) incomplete, semilunarshaped meniscus with partial tibial plateau coverage;
and 3) Wrisberg-type, hypermobile meniscus resulting
from deficient posterior meniscotibial attachments.
Both the incomplete and Wrisberg types have been
associated with higher risks of meniscal tears, typically
resulting in complex tear patterns that lead to large
meniscal resections, commonly requiring subtotal or
total meniscectomies to achieve stability.18 Several
studies have theorized why DM are more prone to
tearing. One theory is that DM is thicker with poorer
vascularity than normal menisci.15,17 In Wrisberg types,
the decreased peripheral attachments lead to increased
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mobility and a higher incidence of tearing. Evidence
also suggests that the compositional arrangement of
DM itself can be predisposed to meniscus tearing, owing
to the number and orientation of collagen fibers that
differ from normal menisci. Normally, menisci contain
inner circular fibers that allow for the dissipation of
hoop stresses during weight bearing and peripheral
radial fibers, typically completed in two functions. The
first function is to protect circular fibers from tearing,
and the second function is to serve as an anchor to
the joint capsule. The fibers of DM are disorganized
and smaller in number, resembling the characteristics
in a degenerating meniscus, resulting in the decreased
meniscal ability to dissipate hoop stresses during
weight bearing.19 Decreases in collagen concentration
and an inability to effectively dissipate hoop stresses
predispose the DM to tears.19,20 Rohren et al21 found that
the incidence of tears in DM is significantly higher when
compared to those with normal semilunar meniscus
(71.0% vs 54.0%, respectively). Other studies have
shown an increase in the incidence of either lateral
or medial DM tears, ranging between 38.0% and
88.0%.3,13,21-24
Bilateral DM have a reported incidence ranging from
5.0% to 20.0%.6,17,25-27 However, these studies reported
incidence based on patients that developed symptoms
requiring operative intervention in opposite knees after
the affected knees had already been treated. Of these,
between 54.0% to 84.0% were operated on, secondary
to the torn menisci in the contralateral knee.13,21-23 In our
series, the incidence of symptomatic bilateral DM was
16.0% (21 of 126 patients) among patients treated by
arthroscopic saucerization with or without a meniscal
repair. Of these, all 21 patients participated in sports.
Approximately 14 (66.7%) developed symptoms
secondary to a meniscal tear in the contralateral knee.
We identified several characteristics that lead to an
increased risk of developing a symptomatic contralateral
DM. Patients younger than 11 years old and patients
active in athletics, especially those participating in
basketball, resulted in a higher risk for developing a
symptomatic contralateral DM that required operative
intervention. Although statistically significant, basketball
participation does not appear to demonstrate clinical
relevance. Two-thirds (66.0%) of the time, symptoms
began as a result of a contralateral DM tear. In the
presence of a tear, the saucerization and resection
plane is determined by the tear pattern and the stability
of the remaining tissue, typically resulting in larger
meniscectomies. In contrast, during saucerization for DM
in which there is no tear present, the operating surgeon
could resect only what was necessary to resemble a
normal semilunar meniscus. This technique will result
in a much smaller meniscectomy mimicking the shape
and stability seen in a normal semilunar meniscus. We
hypothesize that earlier and more aggressive strategies
in the diagnosis and treatment of young, active patients
may afford the treating surgeons more control over the

meniscal resection. Comparative studies of different
treatment strategies for DM that access clinical
differences may be a possible area of future research.
In conclusion, the presence of symptomatic DM in the
ipsilateral knee increases the risk of the development
of future symptomatic DM in the contralateral knee.
Several factors increase the risk of development
of DM in the contralateral knee, including younger
age, participation in sports (particularly basketball),
and bilateral discoid injury. Identification of these
risk factors will allow clinicians to better identify
asymptomatic DM of the contralateral knee before
symptomatic progression. Further studies, such as
comparing treatment strategies for DM, are required to
address treatment options once an asymptomatic DM of
the contralateral knee is identified.
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